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Abstract

Background—Recent studies show an association between neighborhood-level measures of 

socioeconomic status (SES) and outcomes for patients with heart failure. We do not know if 

neighborhood SES has a primary effect or is a marker for individual SES.

Methods and Results—We used the data from participants of the Tele-HF trial, recruited from 

33 US internal medicine and cardiology practices, and examined the association between 

neighborhood SES and outcomes of patients with heart failure. We used census tracts as proxies 

for neighborhoods and constructed summary SES scores that included information about wealth 

and income, education, and occupation. The primary endpoints were readmission and all-cause 

mortality at 6 month. We conducted patient interviews and medical chart reviews to obtain 
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demographic information, clinical factors, therapies, and individual SES. We included 1557 

patients: 524, 516, and 517 from low, medium, and high SES neighborhoods, respectively (mean 

age: 61.1 ± 15.2 years, 42.2% female). Overall, 745 patients (47.8%) had at least one readmission 

and 179 patients (11.5%) died. Compared with patients in high SES neighborhoods, those living in 

low SES neighborhoods were more likely to be readmitted (odds ratio: 1.35, 95% confidence 

interval: 1.01–1.82) but the mortality rates were not significantly different (odds ratio: 0.78, 95% 

confidence interval: 0.50–1.18). The results were consistent after multivariable adjustments for 

individual demographics, clinical factors, and individual SES.

Conclusions—Among patients with heart failure, neighborhood SES was significantly 

associated with 6-month all-cause readmission even after adjusting for other patient-level factors, 

including individual SES. Greater number of events and longer follow-up is required to ascertain 

the potential impact of neighborhood SES on mortality.

Clinical Trial Registration Information—NIH Clinical Trials #NCT00303212, accessible at: 

http://clinicaltrials.gov/show/NCT00303212
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Introduction

Physical and social attributes of neighborhoods –that constitute a spatially-defined collection 

of people, infrastructures, and institutions influenced by common environmental, cultural, 

and economic forces1– can contribute to the development or aggravation of cardiovascular 

risk factors. Neighborhood characteristics have been shown to be associated with the 

incidence and outcomes of cardiovascular disease, as well as all-cause death.2–9 

Neighborhood characteristics may be particularly important in patients with chronic 

conditions such as heart failure. The availability of healthcare resources, nutritious food 

options, and outlets for physical activity in a neighborhood may influence cardiovascular 

risk factors and self-management of chronic disease. Community-level stressors (e.g. 

pollution, crime) and social norms may also play a role in worsening of heart failure.10 

Neighborhoods may also be associated with the quality of care.

The distinct contribution of neighborhoods to outcomes of patients with heart failure is not 

known. Several studies have linked neighborhood characteristics such as low neighborhood 

socioeconomic status (SES) with lower adherence to therapy, worse quality of care, and 

worse outcomes among patients with heart failure11–24, but these studies used neighborhood 

level information as a proxy for individuals’ SES. None of these studies controlled 

extensively for individual SES factors such as income, education, occupation, insurance, and 

the burden of healthcare costs, and only few controlled for other important clinical factors, 

such as disease severity or therapies received.11–24 Therefore, we do not know whether the 

association between neighborhood SES and heart failure outcomes exists because 

neighborhood is a proxy for individuals’ SES or it has an effect that is independent of an 

individual’s SES.25 Such distinction is critical in determining what factors influence heart 

failure outcomes and whether interventions specifically designed to address neighborhood 
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and contextual factors are needed in addition to interventions that address individual level 

risk factors.

The Telemonitoring to Improve Heart Failure Outcomes (Tele-HF) trial was a trial designed 

to evaluate the potential benefits of telemonitoring to improve the outcomes of patients with 

recent hospitalization for heart failure. The trial enrolled patients from multiple 

neighborhoods throughout the US and included detailed individual-level clinical and SES 

factors.26, 27 We used data from Tele-HF to measure the effect of neighborhood SES on 

heart failure outcomes and to see if the association, if it exists, persists after adjustment for 

an array of patient-level clinical and SES factors.

Methods

Patients

The methodology and design of the Tele-HF trial (NIH Clinical Trials #NCT00303212) have 

been previously described.26, 27 In summary, we enrolled 1653patients with heart failure 

hospitalization within the past 30 days from 2006 through 2009 at 33 internal medicine and 

cardiology practices across the United States. We excluded patients residing in long-term 

nursing homes, those with expected survival of less than 6 months for reasons other than 

heart failure, patients unable to stand on a scale, those with planned hospitalization for a 

procedure, those unable to speak either English or Spanish, and patients with severe 

cognitive impairment.

Patient Characteristics

In addition to review of medical records, research staff interviewed and examined the 

patients at the time of randomization. These data included baseline information about 

medical history, use of medications, physical findings, left ventricular function, laboratory 

test results, quality of life, satisfaction with care, and individual SES.

Information about individual SES included annual household income (<$10,000, $10,000–

29,999, $30,000–69,999, and >$70,000), level of education (high school or less, some 

college or vocational school, graduated from college, or a post graduate degree), health 

literacy, self-reported burden of healthcare costs, and health insurance status. During the 

interviews, a validated tool was used to determine the patients’ quality of life.28–32

Geo-coding and assigning the neighborhood attributes

In order to determine the neighborhood SES for patients, we used the patients’ address of 

residence and determined the census tracts where patients lived through geocoding with 

ArcGIS™ ArcMap™ versions 9.3.1 and 10.0 (ESRI®, Redlands, CA; See Figure 1 and 

Appendix 1 for further details). Census tracts represent economically and socially 

homogenous groups of approximately 4,000 to 7,000 people.33 We excluded 96 patients who 

could not be reliably assigned to a census tract.

To derive neighborhood-level indicators for patients (i.e. neighborhood SES and primary 

care shortage area designation), we linked the set of geocoded patient addresses of the 

census tracts with data from spatially-defined datasets, including the 2000 Decennial United 
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States Census, American Community Survey 5-year (2005–2009), and Health Professional 

Service Area at the census-tract level.

Neighborhood SES

We used a summary score as the indicator of neighborhood SES, following the methodology 

by Diez Roux and colleagues.2 In brief, we derived the summary indicator from six variables 

representing dimensions of wealth and income (log of the median household income, log of 

the median value of housing units, the percentage of households receiving interest, dividend, 

or net rental income), education (the percentage of adults≥ 25 years who completed high 

school and the percentage of adults ≥ 25 years who had completed college), and occupation 

(the percentage of employed persons≥ 16 years in executive, managerial, or professional 

specialty occupations). For each variable, we calculated a z-score for each census tract by 

subtracting the overall mean (across all census tracts in the sample) and dividing by the 

standard deviation. We calculated the neighborhood summary score by summing the z-

scores for each of the six variables. Neighborhood scores for the census tracts in our study 

ranged from −12.6 to 15.3, with an increasing neighborhood z-score signifying an increasing 

neighborhood SES. As stated above, we reported the neighborhood SES at the census tract 

level for enrolled patients, rather than at the level of enrolling sites. We grouped the patients 

according to the distribution of the neighborhood summary score into tertiles of high, 

medium, and low SES.2

Outcomes

The primary endpoints were all-cause readmission and mortality at 6 months. We chose to 

observe the outcomes at 6-month follow-up because this was the chosen time interval to 

determine the primary event rates in the Tele-HF trial. At 6 months, research staff contacted 

the patients and reviewed the office and hospital medical records to ascertain any hospital 

readmissions. An independent committee adjudicated all readmissions to differentiate them 

from other clinical encounters such as emergency department visits. Since hospital 

readmissions and mortality may have complex correlations (e.g. less readmissions in case of 

more deaths), we decided to consider a composite of death or readmission at 6 month as a 

secondary endpoint. This analysis was primarily intended to see if these endpoints 

potentially nullified each other, if they moved on different directions.

Statistical Analysis

We described continuous variables as means (standard deviation) and compared them using 

one-way analysis of variance (ANOVA). We described categorical variables as frequencies 

and compared them using Chi squared tests. We compared the all-cause hospital 

readmission, all-cause mortality, and the composite of all-cause hospital readmission and all-

cause mortality at 6-month follow-up across the neighborhood SES groups.

We used logistic regression with generalized estimating equations (GEE) method to 

determine the association between neighborhood SES and outcomes while accounting for 

clustering of patients within hospitals or practices that recruited them. We examined whether 

the associations persisted with adjustment for important individual-level covariates. For this 

analysis, we grouped the individual-level covariates into categories of demographics, clinical 
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variables related to disease severity and co-morbidities, therapies received, and individual 

SES2 (Table 1). Accordingly, we built several GEE models, adding the aforementioned sets 

of covariates in a sequential order. In all models, we considered patients in high SES 

neighborhoods as the referent group.

Data about demographics, neighborhood SES, clinical co-morbidities and outcomes were 

available for 100% of participants. There were missing values for some patients for some of 

the covariates related to laboratory tests, baseline therapies and individual SES. None of 

such covariates had a missing rate higher than 30%, with total household income (29.3%), 

baseline B-type natriuretic peptide values (22.9%), baseline Personal Health Questionnaire 

Depression Scale (PHQ-9) values (19.4%), and self-reported avoidance of healthcare due to 

costs (14.9%) being the 4 variables with highest missing rates. We used the multiple 

imputation technique for the covariates with missing values in the GEE models.34 All 

predictors were used to impute missing values with fully conditional specification (FCS) 

approach. Linear regression method was used for continuous variables and logistic 

regression method was used for categorical variables in FCS. The coefficients of 20 rounds 

of imputation were combined to obtain the final estimates for the GEE model.

In the final GEE model, we also introduced census tract level primary care shortage area 

designation as an indicator for access to care and quality of care. The purpose is to 

determine whether the neighborhood effect, if it exists, persists after accounting for such 

differences. We performed all analyses on SAS Version 9.2 (SAS Inc., Cary, NC). P values 

less than 0.05 were considered statistically significant. The institutional review boards at 

Yale University School of Medicine and each participating site approved the study protocol 

of the Tele-HF trial and the subjects provided informed consent for the study. The National 

Heart, Lung and Blood Institute funded the Tele-HF trial.

Results

From the total of 1653 participants, we excluded 96 who could not be matched to a census 

tract address. Accordingly, we considered 1557 patients for this analysis: 524 (33.7%) 

patients from low SES neighborhoods, 516 (33.1%) patients from middle SES 

neighborhoods, and 517 (33.2%) patients from high SES neighborhoods. Compared with 

those in high-SES neighborhoods, patients living in low-SES neighborhoods were younger, 

were less frequently white, had lower levels of education and income, and were less often 

medically insured (P<0.001 for all comparisons). Almost 40% of patients living in low-SES 

neighborhoods and 15.2% of patients in high-SES neighborhoods reported annual income <

$10,000 a year. In contrast, 1.5% of those in low-SES neighborhoods and 20.4% of those in 

high-SES neighborhoods reported annual income>$70,000. Those living in high-SES 

neighborhoods had a higher frequency of cigarette smoking (P<0.001) and coronary artery 

disease (P=0.001) but had slightly lower body mass indices, lower frequency of 

hypertension, less severe New York Heart Association (NYHA) Functional Classification, 

and slightly lower frequency of having left ventricular ejection fraction of less than 40%

(P<0.001 for all comparisons). Other baseline characteristics were comparable in the three 

groups (Table 1).
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Readmission, Mortality, and the Composite of Readmission or Mortality at 6 Months

Over the follow-up period, 745 (47.8%) patients had at least one readmission: 272 patients 

from low-SES neighborhoods, 242 patients from medium-SES neighborhoods, and 231 

patients from high-SES neighborhoods. Unadjusted results showed that compared with 

patients in high SES neighborhoods, those living in low SES neighborhoods were more 

likely to have hospital readmission within 6 months (51.9% versus 44.7%, odds ratio: 1.35, 

95% confidence interval: 1.01–1.82, P=0.042). The results were consistent after 

multivariable adjustment for demographics, NYHA functional class, co-morbidities and 

laboratory test results, individual SES factors, and baseline therapies (odds ratio: 1.49, 95% 

confidence interval: 1.04–2.13). The results remained fundamentally unchanged after further 

adjustment for primary care shortage area designation (odds ratio: 1.57, 95% confidence 

interval: 1.10–2.23) (Table 2). The results were also consistent if we excluded patients that 

died prior to having a non-fatal readmission (N=57, odds ratio from the final model: 1.54 

[95% confidence interval: 1.08–2.18]).

There were 179 (11.5%) deaths over the 6-month follow-up. Unadjusted and multivariable 

adjusted models did not show a statistically significant association between neighborhood 

SES and mortality (odds ratio for mortality in low-SES versus high-SES neighborhoods after 

multivariable adjustment for demographics, NYHA functional class, co-morbidities and 

laboratory test results, general individual SES, health-related SES, and baseline therapies: 

0.93 [95% confidence interval: 0.59–1.48], see Table 2).

Overall, 802 (51.5%) patients died or had at least one episode of hospital readmission. 

Unadjusted results showed a trend toward worse results for the composite endpoint among 

patients living in low SES neighborhoods (odds ratio: 1.29, 95% confidence interval: 0.98–

1.70, P=0.073). Once adjusted for demographics, the trend for worse outcomes in low SES 

neighborhoods reached statistical significance (odds ratio: 1.46; 95% confidence interval: 

1.04–2.07, P=0.03). The results were consistent after further multivariable adjustments for 

NYHA functional class, co-morbidities and laboratory test results, general individual SES, 

health-related SES, baseline therapies, and primary care shortage area designation (odds 

ratio: 1.50, 95% confidence interval: 1.09–2.07)(Table 2).

Discussion

Our study demonstrated higher rates of all-cause readmission and a composite of death or 

readmission at 6 months for patients with heart failure who lived in low SES neighborhoods, 

a finding which is consistent with previous studies.11, 12, 16, 21 More importantly, we showed 

that the neighborhood effect persisted after multivariable adjustment for demographics, 

clinical factors, and also an extensive set of individual SES variables. Lack of attenuation of 

the neighborhood effect after adjustment for individual’s SES factors implies that a large 

proportion of the association between neighborhood SES and outcomes is not mediated by 

the individual-level SES.

Our study is the first to show an effect of neighborhood SES on outcomes of patients with 

heart failure which persists after adjustment for a wide array of individual-level clinical and 

SES variables. Previous research has shown that neighborhood SES is associated with the 

Bikdeli et al. Page 6

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2017 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



incidence and outcomes of other cardiovascular diseases, as well as all-cause mortality, even 

after adjustment for individual-level risk factors and individual SES.2, 5–9 The causal role of 

neighborhood is supported by a randomized housing mobility experiment which showed that 

moving from a low SES to a high SES neighborhood leads to improvements in objective and 

subjective physical and mental health indices.35

We must clarify that the intent of our study was to determine the association between 

neighborhood characteristics and outcomes of patients with heart failure and to see if such 

associations are, at least in part, independent of individual SES. Our findings confirmed such 

associations. Identifying the exact mediators of the neighborhood effect is a crucial next step 

which should be followed in subsequent studies. While we cannot specifically comment on 

such mediators, several potential explanations exist. It can be speculated that various 

neighborhood characteristics may have immediate or long-term effects. Tobacco advertising, 

availability and costs of healthier foods, liquor stores, and availability and quality of exercise 

facilities vary widely across neighborhoods, as do institutional resources and social ties and 

interactions of residents, and easily accessible healthcare.2–4 Such factors may lead into 

short-term changes in disease outcomes such as hospital readmissions. For example, patients 

living in “food deserts” may be more likely to use processed, high-salt food that can lead 

into fluid retention and decompensation of heart failure. Likewise, lack of easy access to 

healthcare can lead into suboptimal tailoring of medications leading into readmissions. 

Pharmacological and non-pharmacological treatment adherence is also contingent upon 

social support and community norms regarding health care, which may be deficient in low 

SES areas. Moreover, living in certain neighborhoods can be associated with sources of 

chronic stress such as noise, air pollution, violence, and poverty.2, 4 These, as well as other 

components of built environment such as availability of parks and walkability may impact 

long-term outcomes after prolonged exposure.

Quality of care may also vary by neighborhood with health system interventions in lower 

income neighborhoods being less comprehensive and of lower quality than in higher income 

neighborhoods, or less well-tailored to needs of the particular community. It could be argued 

that since patients living in low SES neighborhoods may have worse access to care, the 

higher readmission rates among such patients reflects higher use of hospital emergency 

department, simply as an alternative to outpatient visits.19 However, readmissions in the 

Tele-HF trial were adjudicated by an independent committee and hence, emergency 

department visits were not counted as readmissions in the Tele-HF dataset. We believe the 

higher rate of readmission among patients from socioeconomically deprived neighborhoods 

does not reflect greater use of hospital emergency department as a substitute to outpatient 

clinics. Another mediating mechanism could be that practicing physicians had a lower 

threshold to hospitalize patients from low SES neighborhoods, in part due to issues related 

to care coordination for such patients. Even if this assumption accounts for some of the 

increased readmissions in patients from low SES neighborhoods, it represents neighborhood 

level disparities that need to be addressed for improving care and outcomes. Although we 

looked at primary care shortage area designation as a potential mediator of such quality of 

care differences, our results suggest that primary care shortages do not mediate the 

neighborhood effect. Additional work is needed to identify the key elements of 

neighborhoods that mediate neighborhood-level disparities in disease incidence and 
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outcomes. Among the neighborhood-level mediators, some may be more readily modifiable. 

Policy and interventions aimed at removing the modifiable geographic disparities in such 

elements could be tested to determine their role. For example, future studies can assess 

whether establishment of healthy food stores in “food deserts” or improving factors such as 

air pollution and neighborhood walkability can impact short-term and long-term outcomes 

of patients with heart failure. Likewise, it could be tested to determine whether using 

neighborhood characteristics to identify particularly vulnerable patients leads into better 

outcomes.

Previous studies have shown that neighborhood characteristics can impact both short-term 

and long-term health outcomes.11, 21, 35 In our study, adjusted 6-month mortality rates were 

not significantly different across the neighborhood SES groups. However, a previous study 

showed that compared with those living in high SES neighborhoods, patients with heart 

failure who lived in socioeconomically deprived neighborhoods had similar rates of 30-day 

mortality but higher death at 1-year.21 As stated earlier, investigating the impact of several of 

the neighborhood chronic stressors may require long-term follow-up. Because of the short 

follow-up period of the Tele-HF trial, we are unable to determine the impact of the 

neighborhood effect beyond 6 months. Future studies with longer term follow-up will 

provide additional insights. We should also clarify that the association between the 

neighborhood SES and the composite endpoint of all-cause death or readmission at 6 months 

was primarily driven by readmissions, rather than deaths.

There are some limitations to our study. First, although demographics, clinical variables, and 

the studied endpoints were abstracted rigorously and had minimal to no missing values, 

there were missing values for some patients for individual SES variables. Particularly, 

suboptimal reporting of individual income has been almost invariably seen in previous 

studies.36 We used multiple imputation techniques to calculate estimates for those missing 

values using several other variables with low missing rates. The consistent trends we 

observed in unadjusted, as well as several multivariable adjusted models (including models 

with variables that had very low to no missing values) suggest the robustness of the 

neighborhood effect. Second, there was also inevitably some overlap between neighborhood 

SES and individual-level SES. However, formal statistical tests between neighborhood SES 

and components of individual SES did not show evidence of multicolinearity (Spearman’s 

coefficient: 0.36 between individual income and neighborhood SES, and 0.28 between level 

of education and neighborhood SES), further confirming that the neighborhood SES is 

related to but not merely a proxy for individual SES (see Figure 2). Finally, Tele-HF 

participants were slightly younger than patients in heart failure registries, such as 

ADHERE.37 However, enrolled patients in Tele-HF had substantial racial and SES diversity. 

Such diversity makes our cohort well-suited for understanding the neighborhood effects on 

heart failure outcomes and for isolating neighborhood effect from that of race or individual 

SES.

In conclusion our study showed the effect of neighborhood SES on all-cause hospital 

readmissions among patients with heart failure, which persisted after adjustment for 

individual-level risk factors and therapies, and individual SES. To prevent readmission we 

may need to focus on neighborhood factors as well as individual patient factors.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow Diagram for Geocoding
See text for further details.
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Figure 2. Proposed Model for Contribution of Individual-level and Neighborhood Factors in 
Disease Outcomes
SES: socioeconomic status.
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